. Screening of potential bacteria as specific biofertilizer agent for tuber plants. . The use of biofertilizers in the cultivation of tuber plants is a suitable effort to improve the quality and production while maintaining sustainable farming practices. Plant growth promoting rhizobacteria (PGPR) are commonly used as biofertilizers for improving the growth and yield of agricultural crops. However, screening and selection of effective PGPR strains for spesific plant is very important because of the different needs and condition that every plant requires. In present study, 20 rhizobacteria were isolated from various tuber plants, and tested in in-vitro screening for different plant growth promoting activities. Results of qualitative test of plant growth promoting activities showed that 9 isolates were positive for phosphate solubilization, 4 of them has relatively high activities (Kbm 17.1 Kbm 6.1, Kbm 10.3, PK 2.4). Sixteen isolates have nitrogen fixing activities, 4 isolates showed high activities (Az.Gd, Az.Th, Az.Tk, Az. Gu). Twelve isolates were protease positive, in which 6 isolates showed high activities (Pro 8.1, Pro 9.4, Pro 11.2, Pro 11.6, PK 2.4, PK 2.6) and 13 isolates were capable to produce ACC Deaminase, in which 4 isolates had relatively high activities (Az.Gd, Az.Ga, PK2.4, PK2.6). Six isolates were able to produce IAA in the range of 9.35 -104.81 ppm. Two isolates produced relatively high IAA i.e isolate Kbm 2.10 (104.81 ppm) and Kbm 6.1 (70.61 ppm). Bioassay results of sweet potatoes stem cuttings which were grown in Hougland solution showed that plants with added treatment of isolate Az.Gd, PK 2.4, PK 2.6, Tsb 2b, and Kbm 10.3 were relatively higher compared to control.
INTRODUCTION
Food diversification is one of the strategies to improve national food security and tuber is food product that is in high demand by the community as a food diversification. Sweet potato (Ipomoea batatas L.) is one of the most potential food commodity to complement or even subtitute other main food commodities. Sweet potato has a very high content of carbohydrate compared to rice, maize, and cassava. In addition, sweet potato also has high yielding potential and adaptability under wide range on environmental conditions (Wang et al. 2011) . Indonesia is one of the five main producers of sweet potato during 1990 to 2009. Productivity of sweet potato in Indonesia is approximately 13.93 tons/ha, which exceeds the average productivity of sweet potato in the world. Such high production, which is due to high demand, requires large amount of chemical fertilizers input which is costly and harmful for the environment.
Recently, there are endeavors by global society to greatly reduce the use of chemical fertilizer and pesticides due to its damaging effect on soil health. Therefore, in order to meet the needs of increasing human population for food production, sustainable agricultural practices such as biofertilizers are crucial (Igiehon and Babalola 2017) . Biofertilizer is usually defined as a product containing soil microorganisms applied to plants to promote their growth. Plant growth-promoting rhizobacteria (PGPR) is being used as biofertilizer for different crop plants as an alternative source of chemical fertilizer which could reduce the input cost on farming (Egamberdiyeva and Hoflich 2004) . Significant increases in growth and yield of agronomically important crops in response to inoculation with PGPR have been repeatedly reported (Kloepper et al. 1980; Seldin 1984; Chen et al. 1994; Zhang et al. 1996; Amara and Dahdoh 1997; Chanway 1998; Pan et al. 1999; Bin et al. 2000; Figueiredo et al. 2008 ).
PGPR could directly or indirectly affect plant growth and development. It could increase plant nutrients uptake (N-fixation, P solubilization), help them to cope with pathogens (biocontrol), or stimulate increase in root surfaces (hormone production). However, the diversity of PGPR is enormous, and the range of their principle of actions are very broad, and mostly are poorly understood. Studies have proven that various mechanisms involved in plant promotion may be plant-specific and strain-specific and that the beneficial effects may differ greatly under different environment condition (Herrmann and Lesueur 2013) . Researches have also shown that the growthpromoting ability of some bacteria may be highly specific to certain plant species, cultivar and genotype (Bashan and Holguin 1998; Gupta et al. 2000; Lucy et al. 2004 ). Thus specific PGPR for targeted crop plants is important to be explored and investigated. In this study, early screening to test plant growth promoting activities of bacteria isolated from tuber plants was conducted. Bioassay was also done to test the effect of those isolates on the growth of sweet potatoes stem cutting.
MATERIAL AND METHODS

Procedures
Phosphate solubilization test
The isolates were screened for phosphate solubilizing ability as per methodology described by Pikovskaya, 1948 and Gupta S. et al. 1994 on modified Pikovskaya agar with insoluble tricalcium phosphate (TCP). A loop full of each culture was placed on the centre of agar plates and incubated at room temperature (28°C) for 5 days. The solubilization zone was determined by subtracting the diameter of bacterial colony from the diameter of total zone.
Nitrogen fixation
Initial screening for N2-fixing activity of the pure bacterial cultures was determined on N-free semi-solid malate medium (Nfb) (Baldani et al. 1980 ). The plates were incubated for 24 h at room temperature (28 о C), whereby a colour change from pale green to blue would qualitatively indicate the positive ability of N2-fixing.
Detection of IAA
Fifty milliliter of nutrient broth (NB) containing 0.1% DL-tryptophan was inoculated with 500 μl of 24 h old bacterial cultures and incubated in refrigerated incubator Shaker at 30±0.1°C and 180 rpm for 48 h in dark condition. Bacterial cultures were centrifuged at 10,000 rpm for 10 min at 4°C. Estimation of indole-3-acetic acid (IAA) in the supernatants was done using colorimetric assay (Loper et al. 1986 ). One millilitre of supernatant was mixed with 4 mL Salkowski reagent and absorbance of the resultant pink color was read after 30 minutes at 535 nm in UV/Visible Spectrophotometer. Appearance of pink color in test tubes indicated IAA production as described by Gordon and Weber (1951) . The IAA production was calculated from the regression equation of standard curve and the result was expressed as µg mL-1 over control.
Qualitative assay of protease production
The qualitative assay for protease production was performed on sterile skim milk agar (SMA) plates (Panc. Digest of caseine 5.0, Yeast extracts 2.5, Glucose 1.0, Agar 15.0, Distilled water 1000 mL, and Skim milk 7% were added as inducers). Isolates were spot inoculated and followed by incubation at 30°C and zone of clearance around the colony indicated the enzymatic degradation of protease (Chaiharn et al. 2008) .
ACC analysis qualitatively
ACC deaminase activity test was carried out on selected isolates. The media used were Dworkin Foster (DF) minimal salt media (Dworkin & Foster 1958) enriched with 1 aminocyclopropane-1-carboxylate (ACC) or ammonium sulfate as nitrogen sources following the procedure of Glick et al. 1995 . The amount of ACC or ammonium sulfate added to DF media was 2.5 mmol of ACC or 2 g of ammonium sulfate. All media materials were sterilized by autoclave for 15 minutes at 121 o C and 0.1 Mpa pressure, except for the ACC material which was not a heat-stabile substance. The ACC material was sterilized with a 0.2 µm filter membrane before it was added (mixed) to the sterilized material. The PGPR isolates were then inoculated into solid DF media, DF + ACC, and DF + ammonium sulfate with a streak technique. Isolates that could grow on DF + ACC media indicated that the isolates had ACC deaminase enzyme activity. Isolates that can grow in one of DF + ACC media or DF + ammonium sulfate are indication of ACC deaminase enzyme activity. DF media alone (without ACC or ammonium sulfate) was used as a control to determine whether the isolates were classified as diazotrophic bacteria that were able to obtain N sources by tethering N2 from the air.
Bioassay test
In order to test the effect of inoculation of 20 PGPR isolates on the growth of sweet potato stem cuttings, Hougland solution was used (Hoagland 1950) . Twenty-one glass bottles containing 110 mL of Hougland solution were prepared for 20 PGPR isolates and one bottle containing Hougland solution without bacterial inoculation as control. The bottles were covered with heat-resistant plastic and aluminum foil, then sterilized using autoclave. Liquid culture from each bacterial isolate was prepared by growing one loop of agar slant culture in 50 mL of liquid media (NB, Ashby, SMA, TSB), incubated for 48 hours. Next, 1 mL of bacterial culture was placed in a bottle containing sterilized Hougland and homogenized in a shaker. Two sweet potato stem cuttings were put in glass bottles, then placed in a room with enough light. Sweet potato stem cuttings were previously weighed first. After 10 days incubation, the growth of stem cuttings was observed by measuring the increase in weight of stem cuttings and measuring the remaining Hougland solution in the bottle.
RESULTS AND DISCUSSION
Isolation and plant growth promoting (PGP) activity test
Fifty bacterial isolates were obtained from the roots of various tubers. Initial selection based on PGP activities had resulted in 20 chosen bacterial isolates. Those isolates were tested for phosphate solubilization, protease activity, IAA production, N fixation, and ACC deaminase enzyme production (Table 1) . In present work, nine bacterial isolates were positive for phosphate solublization. Nitrogen fixation was shown by almost all bacterial isolates (16 isolates). Six isolates were positive for IAA production. ACC deaminase activity was shown by thirteen isolates. Almost all isolates had more than one activity, 5 isolates had 4 activities, 7 isolates had 3 activities, 7 isolates had 2 activities, only one isolate (Pro 8.1) had only one activity (protease activity).
Six bacterial isolates that qualitatively indicated of being capable of producing IAA were then quantitatively analyzed by using a spectrophotometer. The results of the analysis showed that 6 bacterial isolates produced IAA with various concentrations, from 9.4 to 104.8 ppm, and there are 2 isolates which produced IAA in quite high concentration i.e isolate Kbm 2.10 (104.8 ppm) and Kbm 6.1 (70.6 ppm) (Figure 1 ).
Twenty bacterial isolates were then tested for effect on the growth of sweet potato stem cuttings in Hougland liquid media. The test results showed that there were only 5 bacterial isolates (Gd, PK 2.6, PK 2.4, KBB 10.3, TSB 2b) that had effects on increasing growth compared to controls (Hougland solution without bacterial inoculation) ( Figure  2 ).
The growth of sweet potato plant stem cuttings was also indicated by reduced Hougland media solution in the experimental bottle. There were 7 isolates that used Hougland media more than controls, which means that the volume of remaining Hougland solution in the bottle was lower than control. The seven isolates are Pro 9.4, PK 2.6, PK 2.4, KBM 17.1, KBR 10.33, TSB 2b, and KBB 2.10 ( Figure 4) . Bioassay test showed that 9 isolates affected the growth of sweet potato stem cuttings, namely Az. Gd, PK 2.6, PK 2.4, KBB 10.3, TSB 2b. Pro 9.4, KB 17.1, KB 10.3, KB 2.10 ( Figure 3, 4) .
Discussion
Results of qualitative test of plant growth promoting activities showed that 9 isolates were positive for phosphate solubilization, 4 of them had relatively high activities (Kbm 17.1 Kbm 6.1, Kbm 10.3, PK 2.4). The ability of bacteria to solubilize phosphate mineral and make it available for plant has been an interest of many scientists and farmers for agricultural application. Sixteen isolates have nitrogen fixing activities, 4 isolates showed high activities (Az.Gd, Az.Th, Az.Tk, Az. Gu). Those four isolates were grown on Ashby media, specific for Azotobacter. Azotobacter are heterotrophic and aerobic bacteria and their main property is the ability to fix nitrogen non-symbiotically. Their agronomic importance is due to the capability of synthesizing antibiotics, plant growth promotion substances vitamins, exopolysaccharides and pigment production, and their antagonist effect against pathogens. Twelve isolates were protease positive, in which 6 isolates showed high activities (Pro 8.1, Pro 9.4, Pro 11.2, Pro 11.6, PK 2.4, PK 2.6) and 13 isolates were capable to produce ACC Deaminase, in which 4 isolates had relatively high activities (Az.Gd, Az.Ga, PK2.4, PK2.6). Six isolates were able to produce IAA in the range of 9.35-104.81 ppm. Two isolates produced relatively high IAA i.e isolate Kbm 2.10 (104.81 ppm) and Kbm 6.1 (70.61 ppm). IAA is one of the most important phytohormone and function as important signal molecule in the regulation of plant development. It has been reported that IAA production by PGPR can vary among different species and strains, and also influenced by culture conditions, growth stage and substrate availability (Mirza et al. 2001 ). Higher level of IAA production by Pseudomonas was recorded by other research workers (Xie et al. 1996) . Bioassay test results showed that there were 2 PGPR isolates (PK 2.4 and PK 2.6) which seemed to have higher growth effect on tuber stem cuttings and were significantly different compared to controls, indicated by plant weight gain and reduced Hougland media solution in experimental bottles (Figures 3 and 4) . Bioassay test data, if related with the data of plant growth promoting activity test results, showed a positive / linear correlation. Two isolates (PK 2.4 and PK 2.6) had multiactivities which had relatively high phosphate solubilizing, ACC deaminase, N fixing and protease activities. (Table 1 ). The effects of ACC deaminase-producing rhizobacteria on plants include increased root growth, and improved tolerance of salt and water stress (Mayak et al. 2004a, b) . While seven (7) other isolates (Gd. Az, Kbm 10.3, TSB 2b. Pro 9.4, Kbm 17.1, Kbm 10.3, Kbm 2.10) only showed relatively higher effect on growth than controls (Figures 3 and 4) . Those seven isolates also showed quite high growth promoting activities, for example Az.Gd isolate had multiactivities, with relatively high N fixation and ACC Deaminase capabilities (Table 1) , while Kbm 2.10 isolate had high IAA activity (Figure 2) . However, if compared to isolate TSB 2b, isolate Kbm 2.10 which had higher IAA producing activity, gave lower growth effect on tuber stem cuttings. As reported that the bacterial production of IAA may not always be beneficial for plant as it is involved in pathogenesis and that high concentration of IAA can also inhibit root cell growth (Spaepen et al. 2007 ). There are many literature sources which describe that plant associated bacteria can be potentially used as agents which stimulate plant growth and help to manage soil and plant health (Shaikh et al. 2015) .
In the present study, isolate PK 2.4 and PK 2.6 seemed to have highest effect in promoting growth of tuber stem cuttings. Those two isolates were efficient PGPR which could solubilize insoluble phosphorus, nitrogen fixation, showed ACC deaminase and protease in relatively high activities. Isolate Kbm 2.10 produced relatively high IAA (104.81 ppm), this isolate was also efficient PGPR which solubilize insoluble phosphorus, nitrogen fixation, and showed ACC deaminase activity. Multiple PGP activities among PGPR have been reported by some other workers while such findings on indigenous isolates of Indonesia are less commonly explored. Such type of study is necessary to determine the use of certain PGPR as inoculants or biofertilizers as an efficient approach to replace chemical fertilizers.
